• The high prevalence of cardiovascular disease (CVD) in patients with kidney disease is well described. This Canadian, multicenter, observational cohort study reports the prevalence and risk factors of CVD associated with kidney disease, in a cohort of patients with established chronic kidney disease (CKD), who are followed-up by nephrologists. This analysis sought to answer 2 questions: (1) in patients with established CKD, are the prevalence and progression of CVD accounted for by conventional or uremia-related risk factors, and (2) to what extent can progression to renal replacement therapy (RRT) be explained by CVD versus traditional risk factors for kidney disease? This study population consists of 313 patients (predominantly men) who had a mean age of 56 years and a mean creatinine clearance of 36 mL/min. Thirty percent were diabetic. The overall prevalence of CVD was 46%, and was independent of severity of kidney dysfunction (P ‫؍‬ 0.700). The median follow-up time was 23 months, for a total of 462 patient years. We note the overall incidence of CVD events (new CVD or worsening of CVD) was 47/244 (20%). The best predictors of new CVD events among those without preexisting CVD were diabetes (odds ratio [OR] ‫؍‬ 5.35, P ‫؍‬ 0.018) and age (OR ‫؍‬ 1.26, P ‫؍‬ 0.08). In those with preexisting CVD, low diastolic pressure (DP) (OR ‫؍‬ .72, P ‫؍‬ 0.004) and high triglycerides (OR ‫؍‬ 1.48, P ‫؍‬ 0.019) at baseline were independent predictors of progression of CVD. We could not determine an independent impact of kidney function on CVD in the overall cohort. Furthermore, we determined that the presence of CVD itself confers an increased risk for progression to RRT (relative risk [RR] ‫؍‬ 1.58, P ‫؍‬ 0.047), adjusted for kidney function. This is the first in-depth analysis of CVD in a cohort of patients with established chronic kidney disease who are not on dialysis. The question regarding the impact of the altered biology of uremia in contributing to CVD progression remains unanswered, and clearly needs further study. However, the findings do raise the issue of whether aggressive treatment of CVD and risk factors might, in fact, reduce progression to RRT. Further large-scale, observational studies as well as interventional studies are needed to more clearly understand the complex biology of cardiovascular and kidney disease progression.
T
HE HIGH PREVALENCE and incidence of cardiovascular disease (CVD) in both dialysis patients and transplant patients is well described, [1] [2] [3] [4] [5] as is the adverse impact of CVD on long-term outcomes. [6] [7] [8] Risk factors recognized to contribute to CVD in the general population, hypertension and diabetes, are present in patients with chronic kidney disease (CKD). Numerous studies to date have shown an independent effect of kidney disease itself on CVD outcomes. [7] [8] [9] [10] [11] Contribution of kidney dysfunction itself, and of other factors associated with kidney disease, to the poor outcomes is unknown. In chronic kidney disease populations, both on and not on dialysis, there are specific uremia-related risk factors that have been associated with CVD outcomes: most notable is the consistent association of anemia and left ventricular hypertrophy (LVH) and congestive heart failure (CHF). 6, [12] [13] [14] Abnormal calcium phosphate metabolism and hyperparathyroidism have also been associated with myocardial fibrosis, hypertrophy, and vascular calcification. [15] [16] [17] [18] However, there is limited understanding of the differential impact of each risk factor on kidney function and cardiovascular function, and the interaction between established CVD and kidney disease. The issue of reverse causality and survival bias confounds most analyses performed to date. 19 We report here the results of data collected for the Canadian Multi-centre Study in Patients with Renal Insufficiency, commenced in 1994. This study is an observational cohort study funded by the Kidney Foundation of Canada. We have previously reported on the risk factors associated with left ventricular (LV) growth and LVH. 12 We identified the increased prevalence of LVH at each level of creatinine clearance. Further, we found that anemia and systolic blood pressure (BP) were independent risk factors for cardiac growth and hypertrophy in patients with varying degrees of kidney dysfunction. In this same group of patients with established chronic kidney disease, this study attempts to answer additional questions: (1) Is there an independent impact of uremia-associated risk factors, such as hemoglobin (Hgb), intact parathyroid syndrome (iPTH), and calcium phosphate product, after correcting for the level of kidney function, on the prevalence and incidence of CVD in patients with chronic kidney disease; and (2) is there an independent impact of the presence of CVD on the progression of kidney disease, in addition to established risk factors such as hypertension, proteinuria, age, and sex?
MATERIALS AND METHODS

Study Population and Design
This Canadian, multicenter, cohort study enrolled patients who had been identified by nephrologists as having CKD. The details of the study have been reported elsewhere. 12 Consecutive patients in 7 different geographic locations across Canada, who had calculated creatinine clearances between 75 and 10 mL/min (calculated by using the Cockcroft-Gault formula), who were expected by their physicians to live and to be off dialysis for at least 12 months of follow-up, were enrolled in the study. Informed consent was obtained from all patients, and the ethics board of each institution approved the study. There were no attempts to modify therapy during the study. All patients had clinical, laboratory, and cardiovascular (CV) symptoms reviewed at 1-year intervals. Hospitalization events and medication use were also evaluated. The data was captured by using standardized data collection sheets, and was then entered into a central database for analysis.
Definitions of Cardiovascular Disease
CV disease was defined by both history of CV event or condition and/or current symptoms according to New York Heart Association (NYHA) and Canadian Cardiovascular Society (CCS) classifications for heart failure and angina, respectively. CV event history included history of myocardial infarction (MI), angina, coronary artery bypass graft (CABG) or angioplasty, transient ischemic attack (TIA) or cardiovascular accident (CVA), peripheral vascular disease (PVD), and congestive heart failure (CHF). Research assistants administered standardized questionnaires that describe symptoms associated with each class of heart failure or angina to each patient, and symptoms were graded by using conventional NYHA and CCS classifications. Change in cardiovascular status was defined as either change in NYHA or CCS classification, or a cardiac-related hospitalization.
Chronic Kidney Disease: Calculations and Definitions
Serum creatinine level was measured in each patient's own laboratory, which was maintained through the study period. Calculations using the formula of Cockcroft Gault 12 were used to determine the level of creatinine clearance. Four categories of kidney function were identified: mild (Ͼ50Ͻ75 mL/min), moderate (35-49 mL/min), moderate severe (25-34 mL/min), or severe (10-24 mL/min). Renal replacement therapy (RRT) was defined as the need for either dialysis or transplantation.
Outcomes of Interest
The major outcomes of interest for this analysis included kidney survival (time to RRT) and change in CVD status.
Statistical Analysis
The baseline clinical characteristics of patients were compared by using the analysis of variance (ANOVA) or KruskalWallis test for continuous variables, depending on distribution, and the 2 test for categoric variables.
We used the 2 test for discrete variables and the t test or Wilcoxon rank-sum test, where appropriate, for continuous variables, to compare patients with and without CVD at baseline, as well as patients with change and without change of CVD status. Univariate odds ratios (ORs) were adjusted for degree of kidney function by using logistic regression. The logistic regression was used to determine the association between patient baseline characteristics and presence of CVD at baseline, and then to predict change in CVD status.
Time to RRT therapy was calculated based on the time from study enrollment to the dialysis start or transplantation date. Renal survival was estimated by using the Kaplan-Meier method. The survival curves by presence of CVD were compared by using the log-rank test. We used proportional hazards regression models to assess the effect of baseline patient characteristics on time to RRT after controlling for baseline kidney function. The Cox regression model was used to identify independent and significant predictors of time to RRT. All multivariate models were developed by using a backward elimination technique, including the following variables: patient age, sex, diabetes status, creatinine clearance, systolic and diastolic BP, total cholesterol, triglycerides, hemoglobin, phosphate-calcium product, iPTH, and presence of CVD at baseline.
A P value of less than 0.05 for 2-sided univariate tests was considered statistically significant. We set the P value for multivariate analyses to 0.10 to account for the hypothesisgenerating purpose of this analysis. Statistical analyses were performed by using SAS software, version 6.12 (SAS Institute, Cary, NC).
RESULTS
Baseline Characteristics
The original study enrolled 447 patients, of whom 417 had an initial evaluation of cardiac status. We excluded 104 patients from this analysis because of missing baseline values for key variables of interest. Thus, this analysis includes 313 predominantly male (67%) and Caucasian (87%) patients, who had a mean age of 56 years ( Table 1 ). The mean calculated creatinine clearance (Ccr) was 36.2 Ϯ16.8 mL/min. Twenty nine percent of the group were diabetic, and the prevalence of the causes of kidney disease paralleled those in national registries: hypertension (27%), glomerulonephritis (18%), diabetes (25%), and polycystic kidney disease (PCKD) (8%). Table 1 shows the baseline demographics of the whole cohort, and compares a number of pertinent variables relative with baseline kidney function. Sex, hemoglobin, pulse pressure, calcium-phosphate product, iPTH, high-density lipoprotein (HDL), LVMI were different between groups with different kidney function. The use of angiotensin-converting enzyme inhibitor (ACEI) therapy was the lowest in those with the worst kidney function. The prevalence of CVD was similar at each level of kidney function.
Prevalence of Cardiovascular Disease at Baseline: A Comparison of Conventional and Uremia-Related Risk Factors
Comparisons between patients with and without CVD at baseline are presented in Table 2 . Those with CVD at baseline were likely to be older, diabetic, have lower diastolic BPs, higher pulse pressures, and larger values for LVMI. However, in this cohort, the presence or absence of CVD at baseline is not different with respect to creatinine clearance (35.9 mL/min versus 36.6 mL/min, P ϭ 0.700). Again, the use of ACEI was not different as a function of presence or absence of CVD, but lipid-lowering agents were used more often in those with CVD than those without (18% versus 10%, P ϭ 0.047).
After adjustment for the level of renal function, the same risk factors (ie, age [OR ϭ 1.17, P ϭ 0.0002], diabetes [OR ϭ 2.18, P ϭ 0.0022], diastolic BP [OR ϭ .81, P ϭ 0.0002], pulse pressure [OR ϭ 1.07, P ϭ 0.013], and LVMI [OR ϭ 1.11, P ϭ 0.0033]), were associated with presence or absence of CVD at baseline. We used the multivariate analysis and adjusted for severity of kidney disease to identify older age, diabetes, and low diastolic BP as factors associated with increasing the probability of the CVD presence at baseline (Table 3) .
Cardiovascular Disease-Change in CVD Status During Follow-Up: Impact of Preexisting CVD
Of the original 313 patients included in this analysis, 36 patients were lost or refused further follow-up, 8 patients died, 24 patients started dialysis, and 1 patient was transplanted before at least 1 cardiovascular follow-up evaluation. Hence, 244 patients had evaluable cardiovascular follow-up: median duration of follow-up was 23 months, with a total of 5,547 months or 462 patient years of follow-up. During the follow-up Table 4 describes the results of a univariate analysis comparing the association of conventional and uremia-related variables with change in CVD status, in patients with and without preexisting CVD. Note that age and diabetes at baseline predict change in CVD status in both groups of patients, whereas higher serum triglyceride levels and lower diastolic BP predict worsening of CVD among patients with preexisting CVD over the follow-up period. There were no apparent associations of uremia-specific factors such as hemoglobin, calcium phosphate product, iPTH level, or of level of kidney dysfunction itself, with change of CVD status. The same baseline characteristics were associated with change in CVD status, depending on the presence or absence of CVD at baseline, after adjustment for level of kidney function. A multivariate analysis revealed that diabetes increases the probability of change in CVD status in those without preexisting CVD (Fig 1) . Low diastolic BP and high triglyceride levels were independent and significant predictors of change in CVD status in those with preexisting CVD (Fig 2) .
We performed a separate multivariate analysis for all patients who had a change in NYHA class heart failure versus patients who had change in CCS class angina. The important predictors of NYHA class change were older age (OR ϭ 1.21 per 5 years, P ϭ 0.0588), lower diastolic BP (OR ϭ .79 per 5 mm Hg, P ϭ 0.0175), higher triglyceride levels (1.44 per mmol/L, P ϭ 0.0118), and presence of CVD at baseline (OR ϭ 4.91, P ϭ 0.0011). The change in CCS class was associated with lower baseline kidney function (OR ϭ .84 per 5 mL/min, P ϭ 0.0624), diabetes (OR ϭ 3.96, P ϭ 0.0035), lower diastolic BP (OR ϭ .79 per 5 mm Hg, P ϭ 0.0284), and baseline CVD (OR ϭ 3.88, P ϭ 0.0111). Table 5 describes risk factors associated with time to RRT, adjusted for baseline kidney function. In addition to known risk factors for progressive kidney function decline (age, sex, diabetes, proteinuria, BP, and kidney function), there are uremia-specific factors-hemoglobin, iPTH, calcium phosphate product-that may also be associated with decline. Furthermore, the presence of CVD, as well as low HDL and cholesterol Figure 4 shows the impact of CVD presence or absence at baseline on time to RRT.
Loss of Kidney Function: Conventional and Other Predictors of Time to Renal Replacement Therapy
DISCUSSION
This analysis of a cohort of patients with known chronic kidney disease describes the high prevalence of cardiac disease (46%) and of conventional cardiovascular risk factors. The analysis does not show that uremia-specific risk fac- tors predict either the prevalence of CVD or the change in CVD status. Previous publications have described a similarly high prevalence of CVD risk factors and have determined that chronic kidney disease itself was a risk factor for CV outcome and mortality. 10,20,21 All of these studies compared patients with kidney disease with those without kidney disease, did not adjust for specific levels of kidney function, and did not measure specific variables associated with kidney disease-hemoglobin, iPTH, calcium, phosphate-that may mediate the impact of CKD on outcomes. Notably, Culleton et al 22 reported findings similar to ours in the Framingham cohort, despite a higher prevalence of CVD in patients with CKD at baseline, there was no impact of CKD on long-term outcomes after controlling for conventional risk factors.
That uremia-specific factors did not appear to exert an effect on CVD prevalence/incidence independent of conventional cardiac risk factors could be owing to study limitations, rather than to the absence of such an effect. Furthermore, the prevalence of ischemia-related CVD (angina, CVA, MI, PVD) at baseline is similar in this population to that in other renal populations at later stages of disease (ie, on dialysis and posttransplant). 1, 3, 23, 24 This finding supports the notion recently discussed in depth by Parfrey 25 in an editorial: cardiac function can be affected by processes different from simple atheroscleroticinduced ischemia, and CVD with progressive kidney disease may be secondary to the influence of both atherogenic processes and factors that modulate cardiac muscle structure function. We did not measure LV ejection fractions in this study, rather, we only have a measure of cardiac hypertrophy-LVMI and pulse pressure. Pulse pressure, as an indicator of vascular stiffness, has recently been described as predicting morbidity and mortality, and contributing to cardiac dysfunction 26, 27 in cardiac populations. The current analysis shows that both LVMI and pulse pressure are significantly different between those patients with and without CVD at baseline.
Progressive cardiovascular disease and progressive decline of kidney function do have a number of risk factors in common, including hypertension and diabetes. There are some risk factors specific to each condition and some that occur as a consequence of 1 of these impacting another. It may be that the purported uremic factors exert their influence through affecting cardiac function, not the atherosclerotic process as previously thought. Interestingly, it is possible that these same factors that affect cardiac function may also accelerate decline of kidney function, both through activation of cytokines and growth factors, and that ongoing endothelial cell dysfunction may contribute simultaneously to both processes. 16, 30 There is substantial animal and cellular data to support the impact of these factors on progressive kidney disease. 28,31 However, the current analysis is unable to determine the relative impact of each of these.
This study further shows the association of conventional risk factors with kidney function decline and also shows an additional association of CVD presence with kidney survival. The data also suggest that anemia and hyperparathyroidism may contribute to progression of kidney disease, independent of kidney function level, sex, diabetes, or age. 32 The presence of CVD at baseline confers a 50% increase in probability of RRT. The explanation for this may be complex and multifactorial. Worsening cardiac function may lead to reduced blood flow to the kidney, thus, adding a prerenal insult to kidneys with little reserve, and to activation of cellular mechanisms that lead to sclerosis and fibrosis. Alternatively, cardiac dysfunction may lead to the addition of medications/interventions that may further cause kidney injury or reduce function. These hypotheses are not mutually exclusive. Interestingly, a recent report by Silverberg et al 33 describes the treatment of heart failure and associated anemia with erythropoietin. Importantly, the treatment group had significantly impaired kidney function (serum creatinine 2.3 mg/dL) before therapy. After correction of anemia and concomitant with improvement in cardiac status there was improvement of kidney function. 33 The current analysis, showing that CV disease and conventional risk factors for cardiac disease adversely affect the progression of kidney disease, provides hope that attention to CV health and risk factor modification might improve longterm outcomes for the progression of kidney disease. In this cohort, as in others, 8, [34] [35] [36] there is suboptimal use of cardiovascular medications such as ACEIs, ␤-blockers, and lipid-lowering medications. It may be that both cardiologists and nephrologists caring for patients with established kidney disease actually practice therapeutic nihilism. 35 This inadequate therapy of cardiac disease may accelerate the rate of kidney func- tion decline in susceptible individuals. Thus, the high prevalence of those with established cardiac disease commencing dialysis may be the consequence of failure to institute treatment before dialysis.
This study is unique in that it describes the prevalence of CVD and its attendant risk factors in patients with kidney disease before dialysis known to nephrologists in Canada. Others have described unselected groups of general populations, or used population databases or post hoc analyses of large studies to review the impact of kidney disease on CV outcomes. 7, 9, 10, 22 These approaches suffer from a number of problems. There is a lack of uniformity in defining the presence and severity of kidney disease. There is little information about the stability of kidney dysfunction before the study starts, and there is no documentation of the etiology of kidney dysfunction or of uremia-associated biochemical and hematologic abnormalities. There is ample evidence to support the problems of use of serum creatinine alone as a marker for kidney disease. 37 The current analysis, in contrast, focuses on individuals with established, nonreversible kidney disease, by using calculated estimates of kidney function. By examining those variables specifically associated with kidney disease, we are able to explore the hypothesis that there is an impact of these variables versus conventional risk factors versus kidney disease per se on CVD. This study also describes the complex interplay between CVD and progressive CKD. This is important if therapeutic strategies to treat one disease may actually be justified in terms of their impact on another aspect of this disease.
Our study, like all prospective observational studies, precludes the establishment of causality. Furthermore, owing to missing values and loss of patients to follow-up, the true burden of illness in this population may be underestimated. This study did not capture events after RRT, or specific cardiac events. We believe, however, that the similarity of the prevalence of CVD in this cohort to that reported in other similar cohorts 34,38 makes it unlikely that there is significant underestimation of CVD. The issue of reverse causality, surviving off RRT to actually have a CVD event, and survival bias (ie, those with worse CVD were put onto RRT as a means of controlling symptoms) cannot be addressed with this analysis, or in this cohort. Importantly, this data can be used to generate hypotheses and develop interventional studies based on biologically plausible associations of specific risk factors. Ideally, we should establish follow-up in 2 distinct cohorts of patients: those with established kidney disease without CVD, and those with established cardiac disease without kidney dysfunction, and determine through careful and systematic measurement of known risk factors which of these are predisposed to developing into cardiac disease and to kidney disease, respectively.
In summary, the prevalence of CVD in the population with CKD is high, and is attributable to both ischemic disease and myocardial dysfunction. This study shows an underuse of medications known to improve cardiac outcome in the general population. This may contribute to the poor cardiac outcomes seen in this group. Furthermore, the presence of CVD appears to predict an increased probability of RRT; thus, the appropriate treatment of cardiac disease may in fact lead to delay of RRT, and thus serve to lessen the burden of illness not only for the individual patients, but also for health care systems.
